ABSTRACT.--I studied intraspecific variation in foraging behavior of an endemic, insectivorous bird, the Elepaio (Chasiempis sandwichensis), in two Hawaiian forests that differed in degree of human modification. The undisturbed forest had a closed canopy, a dense understory, and a groundcover of native plants. The disturbed forest had much lower tree and shrub densities, and a ground cover of alien grasses. Search-and-attack rates, proportions of attack maneuvers, and proportional substrate use differed between habitats. Birds in disturbed habitat attacked prey two-thirds as often as birds in undisturbed habitat, hopped less frequently, and flew farther and more often. They also did less perch-gleaning and chasing, did more flight-gleaning and hawking, used small branches and the ground less often, and used leaves and the air more often than birds in undisturbed habitat. Disturbed areas may be lower-quality foraging habitat because they require more difficult foraging methods. Age was associated with variation in search-and-attack rates and proportions of attack maneuvers, but sex was not. Subadult Elepaio attacked prey less often than adults, searched more slowly, and used simpler maneuvers more often, possibly to compensate for their lower proficiency. Log-linear analysis showed that attack maneuver was related to substrate and to tree species. Birds perch-gleaned more often on twigs and in ohia (Metrosideros polymorpha), hung more often on bark and in koa (Acacia koa), and flight-gleaned more often on leaves. Elepaio showed much flexibility in foraging behavior and used more-diverse attack maneuvers and substrates than related continental species, which may allow Elepaio to exploit disturbed habitats successfully. Received 2 August 1993, accepted 11 January 1994. 
Although the site is now protected, parts of the forest have been extensively modified by human activities during the last 100 years. Timber was harvested in some areas and large tracts were cleared for cattle ranching, resulting in a patchwork of highly disturbed and relatively undisturbed forest. The boundary between these habitats is not sharp, and Pratt 1980) . Males have black throat feathers narrowly tipped with white, whereas females have broader white tips that often make the throat appear almost completely white. Subadult birds of both sexes retain a uniformly drab graybrown plumage for at least one year. All subadult Elepaio I observed were second-year birds and were no longer being fed by adults.
I used four methods to identify 48 individual Elepaio in the study plots: a unique combination of colored leg bands (n = 17); distinctive plumage (n = 5); being paired with a color-banded or distinctively-plumaged bird (n = 10); and known territory boundaries (n = 16). Based on observations of banded birds, it was unusual to find a bird in a territory that was not its own, and such an occurrence quickly provoked an attack by the territory owner. If I observed a bird at a territory boundary or if I was unsure whether a bird was the territory owner, I followed the bird until I could conclusively determine its identity. I compiled data separately for each individual.
Data collection.--For characterization of habitats, I used a stratified random design to select 15 points in plots of each habitat and used the method of James and Shugart (1970) as modified by Noon (1981) to quantify differences in habitat structure. This method is based on 0.04-ha circles in which the species and diameter of all trees are recorded, and maximum canopy height is estimated. Shrub density, percent of groundcover in specified categories, and foliage density at various heights are measured at 2-m intervals along north-south and east-west diameters.
To evaluate foraging in Elepaio, I collected data from March through July 1991 by regularly traversing study plots and searching for birds. I followed each bird for as long as possible, recording the following information during each observation sequence: age, sex, and individual identity of bird, hops, flights, distances flown, prey-attacking maneuvers, substrates of attacks, tree species, height, and duration of sequence. I recorded data on a portable cassette recorder and transcribed them later while using a stopwatch. Most sequences were less than 1 rain long, but a few were over 2 min.
I employed five variables to evaluate rates at which
Elepaio searched for and attacked prey. Hop, flight, and attack intervals were the average times between hops, flights, and attacks, respectively. Flight distance was the average length of flights between perches. Attack radius was the average distance flown during attack maneuvers that involved flying. I usually could not determine if an attack was successful, so attack rate refers only to the rate at which prey was attacked, not captured.
Elepaio used attack maneuvers that I classified into five mutually exclusive categories defined below, with equivalent terms from other authors. Perch-glean included all maneuvers in which prey were taken from a solid substrate while perched. This is equivalent to 
where P, is the proportional use of category i (Shannon and Weaver 1949). To facilitate comparison of diversity indexes with studies that used different categories or natural logarithms, I lumped categories not recognized by other authors or by me and scaled diversity as the equitability index,
where H'• is the case where use of all categories is equal (Pielou 1966).
I investigated interaction of categorical variables using log-linear analysis of a multidimensional contingency table (Fienberg 1981). This type of analysis is advantageous because it allows simultaneous examination of all interactions between categorical variables (Schoener 1970)
. In log-linear analyses, observations must be independent because the purpose is to look for dependency among variables. Therefore, I used only the initial observation from each sequence. I cross-classified each of 691 foraging observations using four categorical variables; habitat, attack maneuver, substrate, and tree species. In practice, it was necessary to collapse the data by combining some categories to reduce the number of empty or sparse cells, and because a larger number of categories resulted in fewer degrees of freedom, making it impossible to evaluate models with many parameters. I combined "hawk" and "chase" as "aerial" maneuvers, and all but the two most common tree species as "other." I lumped "trunk" and "large branch" substrates as "bark" and grouped "small branch" with "twig." The latter two lumpings probably did not cause loss of information because substrate interacted only with maneuver in the final model and these pairs of substrate categories may have similar effects on maneuver (Bishop 1971). The results was a 2 x 3 x 4 x 5 contingency table (Table 1) . Table I Variation in foraging associated with habitat, age, and sex.--Habitat was a significant factor in explaining variation in search-and-attack rates (MANOVA, n = 46, Fs,39 = 25.14, P < 0.0001).
Four of five search-and-attack variables differed between habitats (Table 2) . On average, birds in disturbed habitat hopped less frequently, flew farther and more frequently, and attacked prey two-thirds as often as birds in undisturbed habitat. Only the attack radius was the same in both habitats. Age also was an overall factor in determining search-and-attack rates (MANOVA, n = 46, F5,3• = 3.68, P < 0.005), but only two variables differed between birds of the two age categories (Table 2) . Subadult birds hopped less frequently and attacked prey 25% less often than did adults.
Habitat and age also were significant factors in explaining overall variation in proportion of attack maneuvers (MANOVA, n = 46, Fs,3• = 25.80 and 2.87, P < 0.001 and 0.02, respectively).
In comparisons of individual attack maneuvers, birds in disturbed habitat did less perch-gleaning and chasing, and more flight-gleaning and hawking. Subadult birds did more perch-gleaning, and less hanging and hawking (Table 2) .
Habitat was a significant predictor of substrate use, but age was not, although the sig- The Elepaio also appears to use more-diverse foraging maneuvers and substrates than related species found on continents and large islands. Similar comparisons can be made among several studies of foraging methods of insectivorous bird communities at sites dominated by tree species with differing vegetation structure. Airola and Barrett (1985) and Alatalo (1982) found that perch-gleaning was more common than flight-gleaning at their study sites, which were dominated by coniferous trees that had foliage on short petioles distributed continu- . However, since similar changes in foraging were found even within individuals between habitats, and species composition of the insectivorous bird guild was the same in both habitats, it seems unlikely that the differences in foraging behavior between habitats were caused by competition. Summary and conclusions.--Open-canopy disturbed habitat may be of lower quality for the Elepaio because searching for and capturing prey is more difficult. Birds in disturbed habitat flew farther and more often while searching, used energetically expensive attack maneuvers more often, and encountered prey less often. Subadult Elepaio had lower foraging proficiency that may be explained by a slower search rate. Subadults may compensate for their lower proficiency by using simpler, less-expensive maneuvers more often. Few differences in foraging were found between sexes. Foraging behavior of the Elepaio was very plastic and was more diverse than that reported in the literature for related species on continents and large islands. Proportions of attack maneuvers and substrates used differed between habitats, varied among individuals within a habitat, and even changed within individuals between habitats. Elepaio were more likely to use specific maneuvers on different tree species and on different substrates, perhaps because of the physical structure of these surfaces.
Habitat alteration by humans at Hakalau Forest National Wildlife Refuge may have made some areas more demanding as foraging sites for Elepaio, but their behavioral flexibility and diverse repertoire of foraging techniques allow Elepaio to successfully exploit arthropod resources in disturbed habitat. Population density is slightly lower in disturbed habitat, and it is possible that habitat alteration affects the Elepaio in other ways. In the future I hope to test whether disturbance influences territory size, population structure, time budgets, and ptilochronology. 
